Abstract: Salen(t-Bu)H 2 (N,N¢-ethylenebis(3,5-di-tert-butyl(2-hydroxy)benzylidenimine) and its derivatives were used to prepare boron compounds having the formula L(BCl 2 ) 2 (L = salen(t-Bu) (1), salpen(t-Bu) (2), salben(t-Bu) (3), salpten(t-Bu) (4), salhen(t-Bu) (5)). These are formed from the reaction of the corresponding L[B(OMe) 2 ] 2 with BCl 3 . In addition to being a new type of boron compound, they are also potential two-point Lewis acids. Indeed, they demonstrate Lewis acidic behavior in the dealkylation of trimethylphosphate. All of the compounds were characterized by mp, elemental analysis, 1 H and 11 B NMR, IR, MS, and in the case of 2 by X-ray crystallography.
Introduction
Over the years, the dianionic Salen ligands (salen(t-Bu) = N,N ¢-ethylenebis(3,5-di-tert-butyl(2-oxo)benzylidenimine)) ( Fig. 1 ) have been used in many applications (1, 2) . The versatility of the ligand allows for the isolation of both monometallic and bimetallic derivatives usually involving the group 13 elements. For example, many compounds have been reported for aluminum (3) (4) (5) , gallium (5, 6) , and indium (7, 8) . However, boron compounds of this type have been studied less extensively (9) (10) (11) 2 ] 2 ) (11) derivatives. Although these compounds are interesting from a fundamental standpoint, they are limited in usefulness because of their lack of reactivity or Lewis acid potential. In this paper we report the high-yield syntheses of new Salen-supported boron chloride derivatives, L[BCl 2 ] 2 (1) (2) (3) (4) (5) . Preliminary work indicates that these chloride compounds will undergo salt elimination reactions, allowing for further derivatization of the boron atoms and thereby increasing their potential utility (13) .
For instance, boron compounds could be useful as twopoint Lewis acids. Many biological systems use a bis-metal complex to promote the binding and hydrolysis of phosphate esters (14) . In recent years, synthetic derivatives containing d-block metals such as cobalt (15, 16) , zinc (17) (18) (19) (20) , and copper (21, 22) have been used as catalysts for this reaction. A potentially important development in this area is the recent demonstration that boron bromide compounds such as salpen(t-Bu)[BBr 2 ] 2 can catalytically dealkylate a wide variety of phosphate esters (23) . Herein, the boron chloride compounds L[BCl 2 ] 2 (1-5) will be synthesized, characterized, and examined as dealkylation agents for trimethylphosphate.
Results and discussion

Synthesis and characterization of 1-5
The boron chlorides (1) (2) (3) (4) (5) were prepared in nearly quantitative yield by combining the corresponding salen(tBu)[B(OMe) 2 ] 2 reagent with BCl 3 (Scheme 1). The resulting compounds have two four-coordinate boron atoms held in a bidentate manner by the Salen ligand. Each boron atom is bound by two chlorides, a nitrogen, and an oxygen from the Salen ligand. This reaction is unique and unusual in that all of the methoxide groups are replaced with chloride groups. It is known that boron trichloride mixed with trimethylborate (eq. [1] ) undergoes a ligand redistribution to form BCl(OMe) 2 and BCl 2 (Ome) (24) . Thus, the reaction described in Scheme 1 is expected to produce compounds with various combinations of chlorides and methoxides on the boron atoms. However, only the desired products L[BCl 2 ] 2 (1-5) were formed. The presence of the chelate apparently stabilizes the dihalide derivative relative to the other possibilities.
The 1 H NMR data for 1-5 contain two singlets for the tBu-Ph groups in the range d: 1.22-1.45 ppm. There are multiple CH 2 peaks corresponding to the backbone protons from the ligand ranging from d: 1.55-4.62 ppm depending on ligand type. There is one imine singlet for each compound in the range d: 8.19-8.52 ppm. These values decrease with increasing backbone length. Thus, the most shielded shift (8.2 ppm) is associated with 4 and 5 and the less shielded shift at 8.5 ppm is associated with 1. This might indicate a slight increase in nitrogen basicity for electron releasing "carbon rich" ligands and a moderate decrease in basicity for the "carbon poor" 1, with a comparatively lower inductive effect. The 13 C NMR data also supports this trend. The chemical shift for the C=N group for 1-5 (166.7-163.4 ppm) decreases with the increase in the backbone length. The effect is more distinct between 1 (166.7 ppm) and 2 (164.9 ppm) than between 4 (163.7 ppm) and 5 (163.4 ppm). Thus, the inductive effect on the C=N is further evident when the backbone is increased from two carbons to three carbons rather than five carbons to six carbons. The 11 B NMR shows broad single peaks ranging from d: 5.99-6.39 ppm with w 1/2 ranging from 28.2-56.7 Hz, which are in the region for tetrahedral boron (25) . The IR data shows strong B-Cl stretches between 697-743 cm -1 . In the mass spectrum, the compounds show the parent ion with the isotope pattern appropriate for four chlorines and two borons. The most abundant peak for the compounds is the parent ion minus chlorine with the correct isotope pattern for three chlorines and two borons.
The structure of 2 ( Fig. 2 ) was determined by X-ray crystallography. The geometry around the two boron atoms is slightly distorted from a tetrahedral geometry. Other Salen boron derivatives also show this distortion (9) . The bite angles of the ligand on the boron atoms (N-B-O) are 110.1(4)°a nd 111.8(4)° (Table 1) . These are slightly larger than other Salen-supported boron systems such as salenN 3 H[B(OMe) 2 ] 2 , which has an angle of 105.9(3)°(10). This deviation is in keeping with an increased sp hybridization in the N,O bonds and more obtuse angles with these atoms for 2 resulting from an increase in p character for the B-Cl bonds by comparison to B-OMe bonds (26) has B-Cl bonds lengths of 1.855(7) Å and 1.841(7) Å (27) . A noticeable trend in the length of the N®B dative bond occurs with the exchange of the substituents on the boron atom (28) . The N®B lengths for 2 are 1.561(5) Å and 1.548(5) Å. These are shorter than the N®B bond length of salen[B(OMe) 2 ] 2 (1.615(2) Å) (9). An inverse relationship exists between the lengths of the C=N and N®B bonds. Where the N®B bond shortens the C=N bond lengthens. The C=N bond for 2 is 1.295(4) Å which is longer than that of the borate C=N bond (1.288(2) Å). The C=N and N®B bond lengths of 2 compare closely to those in the boron bromine derivative salben(t-Bu)[BBr 2 ] 2 (1.295(4) Å and 1.539(5) Å, respectively) (23).
One unique aspect of these compounds ( Fig. 3(a) ) is that there are no corresponding transition metal derivatives. Rather, transition metals adopt fully chelated five-coordinate and more often six-coordinate complexes with the Salen ligands (Figs. 3(b) and 3(c)) (1). These ligands are very versatile in the fact that the "backbone" of the ligand may be altered. For instance, the length of the backbone may be increased to the point that binding to a single metal is ineffectual. Thus, the existence of 1-5 may indicate the possibility of isolating transition metals of the form L[MX 2 ] 2 .
Demethylation of trimethylphosphate with compounds 1-5
It is known that boron trichloride will demethylate aryl ethers (29) . Nevertheless, it has been found that BCl 3 alone is ineffective towards the demethylation of trimethylphosphate. Compounds (1-5), however, are capable of demethylating trimethylphosphate (Table 2) . When compounds 1-5
109.4(2) (23) . In this process it was not necessary to have two connected sites. This was confirmed by using a monometallic boron compound under the same conditions.
Experimental
General remarks
All glassware was rigorously cleaned and dried in an oven at 130°C for 24 h prior to use. They were assembled hot and cooled under nitrogen. All air-sensitive manipulations were conducted using standard bench top inert-atmosphere techniques in conjunction with an inert-atmosphere glove box. The ligand precursors (30) 2 The structures were refined using the Siemens software package SHELXTL 4.0. All of the nonhydrogen atoms were refined anisotropically. The hydrogen atoms were put into calculated positions. Absorption corrections were not employed. Further details of the structure analyses are given in Table 3 .
Salen(t-Bu)[BCl 2 ] 2 (1)
To a stirring solution of salen(t-Bu)[B(OMe) 2 ] 2 (2.5 g, 3.93 mmol) in toluene (75 mL) was added 1M BCl 3 in heptane (7.8 mL, 7.80 mmol). The reaction mixture was stirred for 24 h. The solution was concentrated to 5 mL, filtered, and dried. Yield: 2.41g (94%); mp 314-320°C (decomposition temperature (dec.)). IR (KBr pellet) (cm 
Salpen(t-Bu)[BCl 2 ] 2 (2)
To a stirring solution of salpen(t-Bu)[B(OMe) 2 ] 2 (1.0 g, 1.54 mmol) in toluene (50 mL) was added 1M BCl 3 in heptane (3.1 mL, 3.10 mmol). The reaction mixture was stirred for 24 h. The solvent was removed and washed with 5 mL of hexanes. 
Salben(t-Bu)[BCl 2 ] 2 (3)
To a 
Dealkylation of the trimethylphosphate
In an NMR tube, trimethylphosphate was added to an equimolar solution of the compound (1) (2) (3) (4) (5) in CDCl 3 and held at room temperature for 30 min and 24 h. The reaction was monitored by 1 H NMR ( Table 2) .
Addition of a Lewis base
In an NMR tube, 5 equiv of THF were added to a solution of 2 in CDCl 3 .
11 B NMR (CDCl 3 ) d: 6.04 (w 1/2 = 52.6 Hz).
Conclusion
A range of chelated boron compounds have been synthesized and fully characterized. They demonstrate that further derivatization of boron alkoxide compounds with Salen are possible and that some are active in the dealkylation of trimethylphosphate. It has been demonstrated that 1-5 are inefficient dealkylating compounds by comparison to the bromide analogues (23) . Future work in this area entails increasing the activity of the boron chloride compounds and broadening their use as Lewis acid activators.
